Introduction {#S0001}
============

Maternal near-misses (MNMs), also known as severe acute maternal morbidity, have gained global recognition as an appropriate indicator of maternal care and services.[@CIT0001] The World Health Organization (WHO) has defined an MNM as a woman who nearly died but survived a complication that occurs at pregnancy, childbirth, or within 42 days after termination of pregnancy.[@CIT0001],[@CIT0002] Cases of MNMs are more common than maternal death and usually provide specific and detailed evidence, with the patient becoming a leading source of useful information. Maternal mortality in our environment is mostly a result of known and treatable complications of pregnancy and childbirth, and the study of MNMs can provide additional insights into the pathways of occurrence of such preventable deaths.[@CIT0003],[@CIT0004]

It was previously assumed that maternal death records in hospitals were just a tiny part of what happens in the community, due to unsupervised deliveries in traditional settings and homes, but emerging evidence clearly suggests the occurrence of many deaths within hospitals, including tertiary centers.[@CIT0003],[@CIT0005]--[@CIT0007] This is partly due to late referral of severely ill obstetric patients from private hospitals, traditional birth attendants\' homes, and spiritual houses.[@CIT0003],[@CIT0005] Therefore, a reduction in absolute numbers of maternal deaths in tertiary centers can be a major step toward achieving an appreciable reduction in maternal deaths in our environment.

The situation of maternal mortality in our country has often been described as unacceptable, as there is high maternal mortality and morbidity in the face of inadequacies in maternal health services. The leading causes of maternal death include obstetric hemorrhage, obstructed labor, eclampsia, and sepsis. The need to improve health services and provide skilled birth attendants at delivery will help to reduce high maternal deaths.

The accuracy of maternal mortality figures in our country has remained a subject of controversy, and most figures are based on poorly conducted retrospective studies or estimates. In recent years, the use of MNM studies to evaluate institutions and health systems in providing adequate maternal healthcare has become increasingly popular and more reliable. To the best of our knowledge there has not been such study in the southeast of Nigeria. Similar studies have mostly been retrospective or prospective for a few months. In view of the wide regional variation in maternal mortality figures in Nigeria, it remains pertinent to clarify all possible details regarding MNMs in each region.We therefore undertook a 3-year prospective study to determine the frequency of MNMs and maternal deaths in the University of Nigeria Teaching Hospital (UNTH) Enugu, document the primary determining factor that caused them, and compare cases of MNMs and maternal deaths.

Methods {#S0002}
=======

The study was carried out in the Obstetrics and Gynaecology Unit of UNTH, Ituku-Ozalla, Enugu, southeast Nigeria. All women admitted for delivery, within 42 days of delivery, or termination of pregnancy during the 36-month study period constituted the study population. All women who met WHO criteria for maternal deaths and MNMs, irrespective of booking status or place of antenatal care, were included. Women brought in dead to the hospital were not included.

This was a prospective study, and was approved by the hospital ethics committee . Data were gathered continuously from April 1, 2013 to March 31 2016 in a pro forma manner. Information sought included maternal sociodemographic characteristics, obstetric history, organ-system dysfunction leading to MNMs or death, primary determining factor for MNMs or death, and contributory health-service events.

Data collection was carried out by trained research assistants: four resident doctors from the Internal Medicine Department who understood the dynamics of maternal care in order to extract relevant information, but were not directly involved in providing maternal care. This approach was adopted to eliminate bias in data collection. Data were collected continuously in a prospective manner until hospital discharge or death occurred. Data were entered into SPSS version 17 for Windows and analyzed using inferential statistics at a 95% level of confidence. Socodemographic and other maternal characteristics were identified and compared between those who experienced MNMs and maternal deaths. The outcome variable were maternal death or MNMs.

MNMs were defined using different criteria. There were three major approaches to the identification of MNM cases: clinical criteria related to a specific disease entity (preeclampsia, postpartum hemorrhage), management-based criteria (admission to intensive care, need for a blood transfusion), or organ-system dysfunction--based criteria.[@CIT0005],[@CIT0006] Depending on these different approaches, the prevalence of MNMs varies. The MNM concept has helped in overcoming these challenges, and the WHO has adopted this as a tool in the assessment of quality of obstetric care. However, in 2009 a WHO working group for maternal mortality and morbidity classifications developed a consensus on MNM identification. This is based on two components: identification of potentially life-threatening conditions, which may or may not be MNM cases (specific complications, such as severe preeclampsia and/or critical interventions, such as blood transfusion) and identification of MNM cases based on organ-system dysfunction and organ-dysfunction proxies, including clinical, laboratory, and management criteria.

Ethics {#S0002-S2001}
------

All participants provided written informed consent, and this study was conducted in accordance with the Declaration of Helsinki.

Results {#S0003}
=======

During the study period, there was total of 2,236 deliveries, of which 88 had severe maternal outcomes (SMOs). Of the latter, 60 were MNMs, while 28 were maternal deaths. The MNM:mortality ratio was found to be 2.14, and that mortality index was calculated to be 31.8%. The maternal mortality ratio here was 1,252 per 100,000. All 88 women that had SMOs were married, Christians. and lived at least 5 km from the hospital. Other sociodemographic characteristics are outlined in [Table 1](#T0001){ref-type="table"}.Table 1Maternal Characteristics, n=88Maternal Near-Misses, n=60Maternal Deaths, n=28*χ*^2^**Age, years** \<4052280.063 ≥4080**Education** None400.001 Primary school124 Secondary school1620 Postsecondary284**Occupation** Unemployed880.96 Unskilled2412 Semiskilled208 Skilled professional80**Social class** Low20160.063 Middle3612 High40**Duration of hospital admission** 0−24 hours0160.060 3--7 days164 8--4 days408 \>42 days40**Mode of admission** Emergency56280.162 Regular40**Time of admission** 8:00 am--6:00 pm24120.800 6:01 pm--7:59 am3616**Referral status** Not referred2080.825 Referred before labor128 Referred during labor208 Referred postpartum84**Booking status** Booked1200.011 Unbooked4828

The leading organ-system dysfunction in this study was cardiovascular, manifesting as shock and cardiac arrest, and respiratory dysfunction, manifesting as gasping and cyanosis. Others are listed in [Table 2](#T0002){ref-type="table"}. There were many complications encountered in the two groups during pregnancy ([Table 3](#T0003){ref-type="table"}). The leading ones were severe hemorrhage, anemia, and hypertensive disorders. The pattern was similar in both MNMs and maternal deaths, but cases of hypertensive disorders and exploratory laparotomy were noted to be higher in MNMs, and the difference was statistically significant.Table 2Organ-System Dysfunction in Women with Severe Maternal OutcomesNear-Misses n=60Maternal Deaths, n=28χ^2^Cardiovascular Shock4080.001 Cardiac arrest0120 Use of continuous vasoactive drugs040.009 Cardiopulmonary resuscitation1680.522**Respiratory** Acute cyanosis040.009 Gasping4120 Identified renal dysfunction Oliguria unresponsive to diuretics400.209 Dialysis for acute renal failure300**Coagulative** Failure to form clots800.040 Severe acute thromboembolism400.209 Massive loss of blood or red cells1240.371**Hepatic** Jaundice (in preeclampsia)400.218 Global paralysis400.209**Uterine** Hysterectomy due to uterine infection880.572 Table 3Complications in Women with Severe Maternal OutcomesDuring Hospital StayNear-Misses n=60Maternal Deaths, n=28χ^2^Severe hemorrhage48120.001Hypertensive disorder36160.489Dystocia840.572Infection1680.522Anemia36160.489Admission to ICU1280.264Emergency laparotomy2080.011Transfusion of blood36160.489

Discussion {#S0004}
==========

Aajority of the women with SMOs had at least secondary education: 70% of those with MNMs and 85% of those who experienced maternal deaths. It was also found that \>95% were of low or middle socioeconomic status. This suggests that being educated and alone without a job or social support may not be enough to limit SMOs in our environment, where the economy is constrained. The absence of a reliable health-insurance scheme may be a contributing factor in this regard.

It is striking to note that all the women who experienced maternal deaths were admitted as unbooked emergencies. While 93% of MNMs were admitted as emergencies, 80% were unbooked. About 60% of all women with SMOs were admitted at night. Cases of unbooked emergencies admitted at night are likely to have worse outcomes, because of the likely absence of senior obstetricians and lack of optimal support services, including laboratory, theater, and anesthetic services.

In terms of age, it was found that all women who suffered maternal death were aged \<40 years while \>15% of MNMs were aged \>40 years. This underscores the fact that most deaths in this series were likely to have been preventable, and hence occurring even in younger women. A total of 24 of 28 women (86%) who experienced maternal deaths had relatively low levels of education, stopping at primary or secondary school level, while only about half the women who had MNMs had such levels of education. As such, in relative terms, educational levels were lower among the majority of those that eventually died.

The women who experienced maternal deaths were also the ones that had shorter duration of hospital stay than cases of MNMs. Almost all of them died within 24 hours of admission, indicating a consistent pattern of very ill and unbooked emergencies. However, there was no significant difference in terms of occupation and social class in the two groups in this study.

About 4% of all the women who had deliveries during the study period had SMOs, and this included both MNMs and maternal deaths. This percentage is much lower than the 17% recorded in a similar study in Sagamu, Nigeria. The low incidence may be due to the location of the permanent site of UNTH at Ituku-Ozalla, which is about 21 km from Enugu city. This distance may cause people who are critically ill to visit alternative hospitals within Enugu and equally delay their timely arrival to hospital for appropriate treatment.

However, the incidence ratio of MNMs of 26.8 per 1000 births recorded in this study is higher than the 19.8 per 1000 live birth in south Nigeria[@CIT0008] and 16 per 1,000 live births recorded as the Nigeria average.[@CIT0009] This incidence ratio is however comparable to the 28.6 per 1,000 live births in Accra, Ghana.[@CIT0010] The figures from this study put the maternal mortality ratio at 1,252 per 100,000 births, which is nearly double the widely quoted Nigeria figure of 814 per100,000 by the Ministry of Health. More recent estimates are even quoting a figure of 560 per 100,000.[@CIT0011] These wide variations in figures suggest data weakness, which makes important comparison and monitoring of trends difficult, especially at the global level.[@CIT0012]--[@CIT0015] A recent study in south Nigeria got a higher maternal mortality of 1,908 per 100,000.[@CIT0008],[@CIT0011]

Despite the low proportion of women who had SMOs, it is noteworthy that both the maternal mortality ratio and MNM-incidence ratio were notably higher than previously recorded. This may have been due to the location of the hospital, late presentation of very ill patients, and inability of most private hospitals tohandle critically ill patients adequately. The obstetric unit may need a separate and dedicated intensive care unit, blood bank, and staff quarters for at least some obstetricians within the hospital, in order to improve MOs.

The leading organ dysfunction identified was cardiovascular which occurred in the form of shock and cardiac arrest, and respiratory dysfunction (gasping and acute cyanosis). Others included jaundice, coagulative dysfunction, and uterine dysfunction, which necessitated hysterectomy. These organ dysfunctions identified had a direct linkage to hemorrhage, hypertensive disease, and infection, which were leading causes of maternal deaths and MNMs in most similar studies based on clinical criteria in our environment. The different roles played by shock, cardiac arrest, gasping, cyanosis, and failure to form clots were noted. The frequency of shock was higher in women with MNMs, suggesting that a good number of them were successfully resuscitated, unlike cardiac arrest and gasping, which were associated much more with maternal deaths. This is a reflection of the deficiencies in our health facilities, where there are still yawning gaps in terms of equipment and manpower needs, especially in emergencies.[@CIT0016]--[@CIT0019]

This study stands out for being prospective and the organ-system definition of MNMs being used. It was,s however, a hospital-based study, and a wider study population may be needed for better deductions of the actual situations in the community. The pattern of the complications in the two groups were similar, as shown in [Table 3](#T0003){ref-type="table"}, but the use of exploratory laparotomy and occurrence of severe hemorrhage were higher among women that had MNMs, and the difference was statistically significant compared to maternal death. This suggests that severe hemorrhage is one of the common complications and offers a good comparative chance for survival.[@CIT0019]

It is thus concluded that the number of MNMs and maternal deaths that occur even in our tertiary centers is still very high. This may be due to late presentation, as unbooked emergencies in a facility that may not be optimal in terms of infrastructure, personnel, or response is thus slow and unpredictable. Despite numerous similarities, our study points out that those who succumb to death are often \<40 years of age, poorly educated, unemployed, usually present as unbooked emergencies from a distance \>5 km, and suffer maternal deaths within 24 hours of presentation.
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